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ABSTRACT
 
In earlier studies of dark pigment deposited in the oospore wall of
 
various charophyte plants, at least two possible precursor molecules have
 
been suggested. In tvio Chora species these include'respectively 5,6-di­
hydroxyindole which is oxidized to form a phenolic polymer and^-carotene
 
which produces an oxidized polymer. While no associated enzymatic study was
 
conducted in those cases, the polyphenol oxidase system of a related genus,
 
yffeZZa, has been considered.
 
The present study deals withCAa2'a g'ZoZ>wZarts, heretofore unstudied
 
with respect to oospore pigmentation. First, the dark natural pigment of
 
mature oospore walls was isolated and studied analytically through alkaline
 
fusion^ Second, a crude extract of polyphenol oxidase was obtained from
 
the plant material and used for in vitro synthesis of a dark polymeric
 
phenolic pigment using catechol as the substrate molecule. The alkaline
 
fusion products from the natural pigment and from the synthetic pigment
 
were compared. Third, the relative activity of polyphenol oxidase in
 
oospores and in whole plant material was determined to show possible local
 
ization of the enzyme in the oospores.
 
Comparison of the fusion products of natural and synthetic pigment
 
showed identity with catechol, the only detectable fusion product in each
 
case. The level of polyphenol oxidase activity was approximately TOO
 
times greater in oospores than in vegetative whole plant material. Based
 
on the evidence available from this study, it is suggested that the dark
 
pigment formed in the oospore wall of Chava globularis is a catechol­
melanin.
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INTRODUCTION
 
In this study the characteristics, the possible substrate molecules
 
and the enzymology of the polymeric dark brown to black pigment deposited
 
in the oospore wall of Chora globularis have been investigated. While
 
studies of such pigments and their enzymology have been conducted using
 
a wide variety of plant sources (see Singleton 1972 for a review), only
 
a few such investigations have involved the charophytes. While some work
 
has been done with various charophyte species (Dyck 1970; Brooks and Shaw
 
1970; Shaw 1971; Yopp 1975; Hoist and Yopp 1976), no previous examination
 
of oospore wall pigmentation in Chora globularis has been published.
 
I. Classification
 
The genus, Chara^ along with five or six other genera, is placed in the
 
Family Characeae. Because of the structural complexity of sexual organs,
 
the presence of a protonemal stage in germination of the zygote, and cer
 
tain other vegetative features, these large multicelTular green algae often
 
have been placed in a separate plant division, the Division Charophyta
 
(Allen 1888; Migula 1897; Groves and Bullock-Webster 1920-1924; Printz
 
1927; Bold 1957; and others). Other phycologists have preferred to retain
 
the charophytes within the Division Chlorophyta as a separate class, the
 
Charophyceae, containing a single order, the Charales (Fritsch 1935; Smith
 
1950; Wood 1965; and others). This approach is based upon the interpretation
 
of the gametangia in these plants as being essentially unicellular (Goebel
 
1930; Hofmeister 1852), and upon the haploid nature of the vegetative plant
 
body. These two major attributes are shared by most members of the Division
 
Chlorophyta. A third classification scheme, based upon certain aspects of
 
cell division in the green algae, not only places the Class Charophyceae in
 
the Division Chlorophyta, but also includes six other green algal orders in ,
 
the Glass (Pickett-Heaps 1975). Nevertheless in all three classification
 
schemes, each retaining numerous adherents, all extant forms of these
 
multicellular green algae, the charophytes, are placed in a single family,
 
the Characeae. Wood and Harrington (1971) have provided an outline of
 
research problems centering about morphogenesis and reproductive events in
 
this interesting group of plants. As continued study of these dynamic
 
aspects of this group of organisms is conducted, it is likely that more
 
attention will be directed toward molecular bases for their classification,
 
particularly toward enzymatic features of reproductive events and related
 
isozyme distributions. This approach may yield a still more accurate
 
delineation of Charophyte taxa as well as of other algal groups.
 
II. Reproductive Morphology and Events
 
Sexual reproduction in the charophytes is oogamous in all cases. The
 
female sex organ consists of a rather large oogonial cell invested by a
 
single layer of five elongated tube cells spirally arranged along the long
 
axis of the oogonium. The corticating tube cells arise laterally from the
 
same basal cell that produces the oogonium. In C^zora, a single cell is
 
cut off at the apex of each tube cell, the five cells thus formed com
 
posing the corona at the apex of the oospore. :
 
The male sex organ contains a number of multicellular filaments en
 
closed within a specialized globular structure consisting of eight, or
 
four, plate-Tike cells. Each cell in the internal uniseriate filaments
 
produces a single spermatozoid, a coiled structure bearing two flagella
 
of unequal length inserted laterally near its anterior end. One member
 
of the flagellar pair exhibits a series of mastigonemes attached to it
 
throughout its length (Moestrup 1970). The development of spermatozoids
 
in the Characeae does not differ significantly from that found in arche­
3 
goniate plants (Fritsch 1935).
 
In fertilization, the tube cells separate slightly near the apex of
 
the fernaie sex structure allowing swimming spermatozoids to gain access to
 
the ehciosed egg cell. Presumably a single spermatozoid penetrates the
 
oogcinium, although numerous spermatozoids may be found inside the corti­
cating layer of tube cells adjacent to the zygote (Harrington 1969).
 
After fertilization, the starch-filled zygote becomes encased in a
 
thickened, darkly pigmented v/all, which provides a tough outer covering
 
enveloping and sealing the inner contents. The wall, apparently ela
 
borated in part by the zygote cytoplasm and in part by the tube cells
 
(Horn af Rantzien 1959), consists of five layers as revealed by electron
 
microscopy (Dyck 1970). In sequence from the zygote cytoplasm outward
 
are the sporine layer consisting of endosporine and ectospbrine sub-layers
 
derived from the zygote cytoplasm, the sporostine layer with endosporp­
stine and ectosporostine sub-layers derived from the cytoplasm of the tube
 
cells, and an outer calcine layer consisting of deposited calcium carbo
 
nate crystals within a polysaccharide matrix. Within the sporostine layers
 
globules of dark brown polymeric pigment are found. Nevertheless, it appears
 
that the pigment is produced within the zygote cytoplasm and transported
 
to the wall area by golgi vesicles for deposition in the sporostine layers
 
(Brooks and Shaw 1968a, Dyck 1970).
 
The darkening of the oospore wal1, which occurs rapidly, is believed
 
to result from the fertilization process (Groves and Bullock-Webster 1920­
1924). This concept forms the primary criterion for determining sexual
 
compatibility among various species and strains in experimental taxonomic
 
studies in the Gharaceae (Chambers and Williams 1959, McCracken and Proctor
 
1965, McCracken et a7 1966, Proctor et aZ 1967). Numerous other studies
 
have been conducted along these lines as well. If fertilization fails to
 
occur, as between sexually-incompatible taxa of Chara, then according to
 
this concept, the formation of the thickened, darkly-pigmented wall fails
 
to occur and the unfertilized female sex structure gradually becomes white
 
in color. These whitened structures are commonly referred to as "aborted
 
oospOres" and are generally considered ungerminable.
 
Anderson and Harrington (1965) noted the occurrence of oospore
 
walls which were only partially darkened. Pigment distribution in these
 
oospores was correlated either with certain of the overlying tube cells,
 
giving the oospore a black and white striped appearance, or with only
 
the basal cell subtending the oogonium, the remainder of the oospore
 
remaining white in the Tatter case. These findings support the idea that
 
the tube cells are involved in the production of the blackened oospore
 
wall (Horn af Rantzien 1959), even though more recent evidence (Brooks and
 
Shaw 1968a, Dyck 1970) indicates the pigment is actually elaborated within
 
the zygote cytoplasm. Harrington et al (1967) demonstrated a nematode re
 
lationship with Chara-zeylanica, with the associated organism, Mpnhystrella
 
pteatoides, found living within the tube cells of the female sex structure.
 
Beneath the infected and presumably dead tube cells no pigment deposition
 
occurred.
 
In very old axenic cultures of Chara zeylanica, Harrington (1969) noted
 
the deposition of a black pigment, very similar in appearance to that found
 
in oospore walls, in vegetative cells of the plant body. Anderson and
 
Harrington (1965) concluded that a number of factors are involved in ini
 
tiating production of the black pigment, questioning the validity of the
 
assumption that fertilization of an egg cell alone leads directly to pigment
 
formation.
 
The assumption that whitened oospores do not germinate may also be
 
questioned. In diploid, monoecious strains of Chara erinafa non-fertilized
 
oospores always develop parthenogenetically (Ernst 1917), while in haploid
 
strains of the same species whitened oospores do not germinate (Strasburger
 
1908; Ernst 1917). Ernst (1917) was able to induce germination of so-called
 
"aborted oospores" in diploid strains of a number of Chara species; his
 
results have not been repeated experimentally however. Harrington (1969)
 
noted that whitened oospores of Chora oontraria tend to germinate readily,
 
although the germination products from such oospores exhibit abnormal mor
 
phology.
 
An interesting question exists relative to the possible role that
 
such dark brown to black pigments, normally present in the fertilized
 
obspore wall, may play in determining whether the first nuclear division
 
of the zygote will be mitotic or meiotic. Algae, in general, which deposit
 
such pigments in the zygote wall are those which possess a haplobiontic
 
life cycle, a result of initial meiotic nuclear division in the germinating
 
zygote. Algae not depositing dark pigments in the zygote wall exhibit an
 
initial mitotic nuclear division in the zygote. The haplobiontic condition
 
is generally assumed to be the most primitive, and through the process of
 
evolution to have given rise to other types of sexual cycles in the algae.
 
Yet those organisms which are haplobiontic possess highly specialized and
 
elaborate zygote walls compared with the unspecialized zygote wall found in
 
non-haplobiontic algae. This apparent discrepancy in phylogenetic trends,
 
of a specialized structure in reproduction evolving tovyard the non-spe
 
cialized condition, is somewhat puzzling to some students of phylogeny of the
 
algae. For an example, Pickett-Heaps (1975) may be consulted. In view of
 
this problem of phylogeny, it is most appropriate that a great deal more
 
knowledge be accrued relative to the basic metabolisin of zygote walls.
 
III. Brown PIant Pigments
 
Generally, brown pigments in plants are derived from oxidation and
 
subsequent polymerization of phenolic substrate molecules of various kinds
 
either spontaneously or through the activity of polyphenol oxidase. In
 
either mode of pigment production there results a relatively high degree
 
of heterogeneity in the composition of the final pigment (Singleton 1972).
 
The oxidation of phenols apparently proceeds first with the formation of
 
phenoxy radicals which are then converted in pairs to stable coupled
 
products (Hassall and Scott 1961; Thomson 1964). Plant phenols entering
 
into this type of reaction are often predominantly catechol derivatives
 
oxidized yfa the semiquinone to the o-quinone. This reaction results in
 
the formation of predominant C-C linkages between oxidized units, with
 
C-O linkages of less common occurrence, and 0-0 links relatively rare
 
(Hassell and Scott 1961). Coupling variously occurs by union of two semi­
quinone radicals, by linking of a free radical with an unchanged phenol
 
followed by removal of the extra electron by further oxidation, or also by
 
nucleophilic addition of the catechol to o-benzoquinone (Thomson 1964).
 
Dimer or subsequent polymers thus formed, with C-C linkages predominating
 
remain yfeinaZ diphenols or polyphenols suitable for continued oxidative,
 
polymerization (Singleton 1972),
 
Common plant polyphenol oxidases can catalyze the ort/jo-hydroxylation
 
of monophenols and subsequently promote oxidation of the resulting cate
 
chol derivative to brown products (Corse 1965; DawsOn and Tarpley 1963).
 
Cuprous ion is involved in polyphenol oxidase activity, apparently facili
 
tating breakage of the energetic bond of molecular oxygen (Bright ,et at 1963).
 
In addition to providing a means for the addition of oxygen as an oxidative
 
event, the enzyme also provides a site with high affinity for the aromatic
 
ring and, by the adjacent position of a basic group, promotes phenol-to­
phenolate ionization and consequent oxidative electron removal from the
 
substrate (Bright et at 1963; Duckworth and Coleman 1970). Polyphenol
 
oxidase is multifaceted in its activity, the nature of the enzyme being
 
such that an affinity is shown for a number of different kinds of phenolic
 
substrate molecules. .
 
The majority of brown to black pigments occurring in plants are
 
generally believed to be synthesized from phenylalanine which is deami­
nated by the action of phenylalanine ammonia lyase to produce cinnamic acid
 
(Singleton 1972). Cinnamic acid in turn is hydroxylated during the bio­
synthetic sequence to yield the monophenol, p-coumaric acid. Hydroxylation
 
continues to form the diphenol, caffeic acid, and, with further substitutions
 
on the aromatic ring, ferulic and sinapic acids are produced (Neish 1960;
 
Robinson 1963). While the cinnamic acids (p-coumaric, ferulic and sinapic)
 
serve as precursor substances to lignin and lignin production, the role of
 
caffeic acid in later production of brown pigment is of most significance
 
to the present problem. The quinic acid ester of caffeic acid, chlorogenic
 
acid, appears to be the primary catechol derivative undergoing oxidative
 
polymerization to form the brown pigment in many plants (Robinson 1963;
 
Zucker et aZ 1965; Geissman and Crout 1969; Singleton 1972). While it is
 
generally thought that esterification occurs directly with caffeic acid.
 
Levy and Zucker (1960) presented evidence that esterification with quinic
 
acid involves cinnamic acid directly, with later addition of two hydrqxyl
 
groups to the aromatic ring in the esterified cinnamic acid structure re
 
sulting in the formation of the chlorogenic acid product.
 
In some plant groups, however, catechol itself appears to serve as the
 
.. " ■ '8: ■ ■ ■ , '
 
major precursor to dark brown and black pigments deposited in spore walls
 
(Piatelli et aZ 1965; Nicolaus and Piatelli 1965; Nicolaus 1968). These
 
dark pigments are generally called catechol-melanins.
 
While brown-black plant pigments generally do not contain nitrogenous
 
sub-units, as is the case for animal melanins, a few plants have been
 
found to possess indole-containing brown pigments (Andrews and Pridham 1967;
 
Thomson 1962). The sequence of reactions in the formation of animal me
 
lanin appears to include the hydroxylation of tyrosine to yield 3,4-dihydroxy­
phenylalanine (DOPA), then its cycTization to 5,6-cihydroxyindole, followed
 
by oxidative polymerization. The enzyme involved in this reaction sequence is
 
generally referred to as tyrosinase. Animal melanins, thus, are commonly
 
high in nitrogen content (6-8%). However, this value is not great enough to
 
indicate that animal melanin is an exclusive 5,6-dihydroxyindole homopolymer
 
(Singleton 1972). In pods of broad bean, which are rich in DOPA, and in
 
banana peels, which are rich in dopamine (3,4-dihydroxyethylamine), the brown-

black melanin-like pigment contains only 1.2-2.1% nitrogen (Andrews and
 
Pridham 1967), indicating that these pigments are derived primarily from
 
phenols other than 5,6-dihydroxyindole and are, thus, primarily non-nitrogenous
 
in overall character. Alkaline fusion of the pigments isolated from these
 
two plant sources did include detectable amounts of 5,6-dihydroxyindole as
 
determined by Andrews and Pridham (1967). Apparently in plants capable of
 
incorporating 5,6-dihydroxyindole into polymeric brown-black pigments, the
 
enzyme involved is not as specific for nTtrogen-containing phenolic sub-units
 
as is the tyrosinase enzyme in the formation of animal melanin, the resulting
 
pigments in such plants are best referred to as melanin-like or as pseudo-

melanin (Nicolaus 1968) because of this lack of specificity and consequent
 
lower degree of incorporation of nitrogenous sub-units.
 
Among studies of brown-black pigments in the charophytes, conflicting
 
results have been gained. Hoist and Yopp (1976) studied polyphenol oxi­
dase activity injYifeZZa miMiiUs, also a charophyte, and found that
 
substrate molecules with the greatest specificity in the enzyme controlled
 
reaction are d-catechin, 4-methylcatechol, and catechol, with a pH
 
optimum of 6.1. After extensive work, Dyck (1970) concluded that the
 
dark pigment in the oospore walls of f/zora hornemaniij C. oontrar-Ca And
 
C. hvaunii is a nitrogenous melanin-like polymer constructed of dihydroxy­
indole units. In further contrast. Brooks and Shaw (1968a, 1968b, T970)
 
and Shaw (1971), investigating polymeric dark pigments from a wide variety
 
of plant sources (including the oospore wall of C/zara ccraZZina), deter
 
mined that this type of plant pigment, which yields phenolic acids (salicylic,
 
p-hydroxybenzoic, vanillic and prptocatechuic) upon potash fusion, is not
 
nitrdgenous and is apparently derived as a condensation product of carotenoid
 
pigments.
 
IV. Approach to the Present Problem
 
In the present study an attempt has been made to determine how the
 
dark pigment of the oospore wall of c?zara pZo&uZaris may be categorized.
 
Incorporated in this study are three major aspects. First, isolation of
 
the dark natural pigment from the mature obspore wall vyas planned, to be
 
followed by additional analytical study of the products of alkaline fusion
 
of the pigment. Secondly, partial isolation of polyphenol oxidase from
 
c. g-ZoiMZaris v/as intended, with a suitable phenolic substrate for enzymatic
 
elaboration of a synthetic dark pigment to be selected, and the alkaline
 
fusion products of the synthetic pigment to be compared with the alkaline
 
fusion products of the natural pigment. And thirdly, study of the relative
 
activity of polyphenol oxidase enzyme in the oospore versus that found in the
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whole plant was planned to show possible restricted localization of the
 
enzyme to the oospores alone.
 
MATERIALS AND METHODS
 
Chara globularis used in this study was collected from an established
 
population of the organism in the Biology Pond located on the campus of
 
California State College, San Bernardino. After harvesting, the whole plant
 
material was washed free of epiphytes under a stream of cold tap water.
 
Approximately one-half of the material was set aside to dry. The dried
 
mass of plant material served as the source for the isolation of oospores
 
from which the dark pigment in the walls was extracted and from which a crude
 
preparation of polyphendloxidase was gained. The remainder of the whole
 
plant material, which was still fresh, was immediately used for the preparation
 
of a dried white powder to be used in testing the level of polyphenol oxi­
dase activity in the vegetative plant. ^
 
I. Isolation and Partial Characterization of the Natural Brown Pigment
 
The methods used in isolating the dark pigment from the walls of
 
mature oospores of Cy globularis followed those of Dyck (1970) as outlined
 
in Table 1. The basis for isolating the pigment involved the systematic
 
removal of other substances found in the oosppre, and depended largely upon
 
the ready dissolution of the hydrolyzed pigment in alkaline solution and its
 
insoluble nature in acidic conditions.
 
Three-gram lots of oospores were treated according to the schedule listed
 
in Table 1, with the acid-insoluble pigment from each run pooled. The so
 
lution volume for each step of the procedure was 250 ml with the exception
 
of step 6 in which the volume of 15% KOH was 125 ml. In collecting insoluble
 
residues (Steps 1-6), an International Centrifuge Model IIV was used to cen
 
trifuge the various mixtures at 1,500 x G for 15 minutes. Collection of the
 
acid-Insoluble pigment (Step 7) was accomplished with the International Cen
 
trifuge Model B-20 at 18,000 X 6 for 15 minutes. A Bronwil Biosonik Sonicator
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Table 1: 	Summary of Procedures for Isolation of Acid-Insoluble Pigment
 
from Mature Oospore Walls (After Dyck 1970).
 
Step 1: Demineralization of Calcine Wall Layer
 
a- Whole oospores were treated with 5% (w/v) EDTA adjusted to pH
 
6.0 by addition of 0.1 NHCl for one-half hour with agitation,
 
b- The supernatant solution was discarded and the decalcified
 
oospores rinsed thoroughly\with distilled water.
 
Step 2: Removal of Oospore Cytoplasm
 
a- The decalcified oospores were crushed in 1.0 N HCl and the mixture
 
subjected to sonification followed by incubation at 80°G for four
 
hours. Sonification and incubation were repeated with fresh
 
aliquots of acid until starch grains had disappeared as determined
 
by application of IKI to small samples,
 
b- After centrifugation, the supernatant liquid containing the
 
cytoplasmic components was discarded and the oospore wall pellet
 
retained.
 
Step 3; Extraction of Oospore Wall Lipids
 
a- The oospore wall material was refluxed in chloroform for 12 hours,
 
b- The supernatant liquid containing the dissolved lipids was dis
 
carded and the insoluble wall residue retained.
 
Step 4: Extraction of Oospore Wall Pectins
 
a- The oospore wall residue was suspended in boiling water for 10
 
minutes. This treatment was repeated several times with fresh
 
aliquots of water,
 
b- The insoluble wall residue was collected by centrifugation and
 
the hot supernatant pectin solution discarded.
 
Step 5: Extraction of Oospore Wall Hemicellulose
 
a- The oospore wall residue was treated with 2% (w/v) KOH for six
 
hours at room temperature,
 
b- The insoluble wall residue was collected by centrifugation and
 
the supernatant hemicellulose solution discarded.
 
Step 6: Extraction of Brown Pigment from Oospore Wall Residue
 
a^ The brown wall pigment was solubilized by refluxing the oospore wall
 
residue in 15% (w/v) KOH for 24 hours-

b- The insoluble cellulose residue was collected by centrifugation and
 
discarded. The hot alkaline supernatant pigment solution was
 
retained.
 
step 7: Precipitation of the Brown Pigment
 
a- The hot alkaline brown solution was adjusted to pH 5.0 by addition
 
of cold 3.0 N HCl.
 
b- The acid-insoluble brown pigment was collected by centrifugation at
 
18,000 X G for 15 minutes.
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was used for sonification of the oospore material. Data on Ghemical reagents
 
used in the pigment isolation procedures are listed in the Appendix.
 
Ultraviolet and visible spectral properties of the pigment were de
 
termined using a Beckman Spectrophotometer Model DU-2. A small portion
 
of the acidified pigment was dissolved in 1.0 N KOH for the analysis and
 
blanked against 1.0 N KOH. The data thus obtained were then available for
 
construction of a spectral absorption curve for comparison with similar curves
 
gained by Dyck (1970) for other c/jara species.
 
II. Alkali Fusion of the Acid-Insoluble Pigment Residue
 
To further characterize the pigment from oospore walls of C. glohulavis,
 
the acid-insoluble pigment residue was subjected to alkali fusion following
 
the procedures of Piatelli et aZ (1965)' as summarized in Table 2. This treat
 
ment of the mixture of alkaline hydrolysis products of the natural pigment
 
suffices to further degrade the pigment to simple phenolic units. The methods
 
for preliminary separation of the products of alkaline fusion of the pigment
 
residue are also summarized in Table 2.
 
The crucible used for the fusion process was set into a sand bath mounted
 
on a ring Stand. A thermometer with a temperature range of 0-360°C was po
 
sitioned with its bulb in the sand bath. The sand bath was heated to 200°C
 
with a Fischer burner, the entire apparatus positioned behind a protective
 
plexiglass safety shield in a fume hood throughout the fusion process. For
 
evaporation of ether extracts of the fusion melt, a Rinco High Vacuum Evaporator
 
Model VE-IOOO-B was used. Data on chemical reagents used in the fusion process
 
are listed in the Appendix.
 
The separation procedure (Step 4) is based on the solubility characteristiGS
 
of phenolic acids versus simple phenols, the acids being more soluble in an
 
alkaline solvent than in an organic solvent such as ether. Since phenolic
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Table 2: 	Summary of Procedures for Alkali Fusion and Isolation of the
 
Fusion Products of Acid-Insoluble Pigment Residues
 
Step 1: Preparation of the Alkali Melt
 
a- The fusion reagents, KOH (3.0 g)i NaOH (3.0 g) and Na2S20it(0>5 g) were
 
placed in a crucible,
 
b- The crucible was heated to 200°C for 10 minutes to prepare the reagents
 
for addition of the acid-insoluble pigment residue.
 
Step 2: Fusion of the Acid-Insoluble Pigment Residue
 
a- The acid-insoluble pigment residue (225 mg) was added to the hot
 
(200°C) reagent melt,
 
b- The temperature of the reaction mixture was maintained at 200°C for
 
an additional TO minutes,
 
c- The reaction mixture, containing the fusion products of the acid-

insoluble pigment, was cooled to room temperature.
 
Step 3: Extraction of Organic Fusion Products 	 ^
 
a- The cooled reaction mixture was dissolved in 150 ml of 2% Na^S^Qtt
 
then centrifuged at 1500 xG for 15 minutes to remove all particulate
 
matter. ^
 
b- The supernatant solution was extracted in a separatory funnel with
 
five equal portions of ether totaling 200 ml.
 
c- the ether fractions were pooled and evaporated.
 
Step 4: Separation of Phenolic Acids from Simple Phenols
 
a- The residue was taken up in 50 ml of a saturated solution of NaHCOs
 
and placed in a separatory funnel.
 
b- The alkaline solution containing all of the phenolic substances was
 
extracted with four equal portions of ether totaling 50 ml.
 
c- The ether fractions, containing all of the simple phenols, were pooled
 
after separation from the alkaline aqueous fraction which contained the
 
phenolic acids. \
 
Step 5: Preparation of the Simple Phenol Fraction for Further Analysis
 
a- The pooled ether fractions were washed several times with distilled
 
water to remove any remaining inorganic or organic ions,
 
b- The washed ether fraction was dried in vacua and the residue collected.
 
Step 6: Preparation of the Phenolic Acid Fraction for Further Analysis
 
a- The aqueous fraction containing the phenolic acids was acidified with
 
conc. HCl and then extracted with four equal portions of ether
 
totaling 50 ml.
 
b- The ether extract was washed several times with distilled water, then
 
evaporated in vaouo and the residue collected.
 
acids, which are weak acids, are insoluble in acid conditions the subsequent
 
acidification of the alkaline solution allows the phenolic acids to be
 
readily extracted by ether.
 
The simple phenol and phenolic acid fractions were subjected to further
 
analysis for comparison with similar fractions obtained from synthetic
 
pigment,
 
ill. Preparation of Crude Polyphenol Oxidase and Assay for Tyrosinase Activity
 
The initial approach used for isolation of the enzyme from whole plant
 
material followed that of Yoshida et aZ (1974) in their study of a bacterial
 
tyrosinase. This approach was selected on the basis of the conclusion of
 
Dyck (1970) that the dark oospore wall pigment in other species of Chara is:
 
constructed of nitrogenous sub-units. While the results of this portion of
 
the present study are somewhat equivocable, the information gained may have
 
some significance. Thus, the methods used in this series of study are sum
 
marized in Table 3 for isolation procedures and for assay procedures in
 
Table 4, and the results are reported later.
 
Homogenization of plant material and enzyme isolation were conducted in
 
a Sherer Controlled Environmental Room Model CER 810 at the temperatures
 
indicated. An Ghaus Dial-0-Gram triple beam balance was used for weighing
 
fresh whole plant material. Extraction of the enzyme into buffer solution
 
was accomplished with constant stirring on a Lab-Line Pyro-Magnestir Model
 
1286. Data on chemical reagents and reagent solutions used in this method
 
of enzyme isolation are listed in the Appendix.
 
The assay of the enzyme for tyrosinase activity is based on the work of
 
Yoshida et al (1974), and was intended, in this study, to determine whether
 
the dark pigment from the oospore wall of C/zora glohularis is melanin-like or
 
not on the basis of tyrosine being a suitable substrate for polyphenol oxidase
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Table 3: Summary of Procedures for Isolation of Crude Polyphenol Oxidase
 
for Tyrosinase Activity (After Yoshida et at (1974).
 
Step 1: Fresh whole plant material, including attached reproductive struc 
tures, was chilled to 3°C, as were equipment items and solutions 
used in the isolation procedure-
Step 2: Approximately 35 grams of fresh plant material was placed in a 
Waring blender"and homogenized for five minutes in 100 ml of 
0.02 M citrate buffer at pH 6.8. 
Step 3: The homogenized mixture was filtered through five layers of cheese 
cloth and the buffered solution collected. 
Step 4: The solution containing the enzyme was centrifuged at 14,000 x 
G for one hour at 5°C. The supernatant fluid, containing the 
enzyme, was stored at 3°C until assay procedures were initiated. 
as indicated by Dyck's conclusiQns (Dyck 1970). The general approach to this
 
portion of the present study involves the conversion of L-tyrosine to L-DOPA
 
during incubation of the crude enzyme preparation with tyrosine as a sub
 
strate. The conversion of L-tyrosine to L-DOPA is a major intermediate step
 
in the formation of true melanin (Yoshida et at 1974). After a suitable
 
incubation period, which is conducted in a buffered system to which an anti­
oxidant has been added, the reaction is stopped and the uptake of tyrosine
 
determined colorimetrically following the procedures of Arnow (1937). The
 
basis for this analysis is the development of a colored product resulting from
 
the chemical reaction of L-tyrosine with mercuric sulfate and sodium nitrite.
 
Because of the tendency for the color to fade with time, spectrophotometric
 
readings were taken consistently two minutes after procedures for full color
 
development were completed. A summary of the detailed procedures for this
 
assay are listed in Table 4.
 
Mixing of the solutions for incubation and for development of the
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Table 4: 	Summary of Proeedures for Assay of Tyrosinase Activity in Whole ,
 
Plants (After Yoshida ef af 1974 and Arnov/ 1937).
 
Step 1: 	Preparation of Incubation Mixtures
 
a- The crude enzyme preparation was separated into two parts, with one
 
portion placed in a boiling water bath for 30 minutes to denature
 
the enzyme.
 
b- Test tubes containing 1.0 mg tyrosine and 2.5 mg ascorbic acid dis
 
solved in 10 ml of 0.02 M citrate buffer at pH 6.8 were prepared.
 
c- To separate test tubes, 2.0 ml of the active enzyme and of the
 
denatured enzyme were added respectively.
 
Step 2: 	Incubation of Active and Denatured Preparations
 
a- After thorough mixing of the contents of the test tubes, the reaction
 
mixtures were incubated at 30°G for TO minutes and for 30 minutes
 
respectively.
 
b- At the conclusion of the incubation periods, 3.0 ml of 10% tri­
chloroacetic acid were added to each test tube to stop the enzyme-

mediated reaction.
 
Step 3: 	Development of Colored Product and Determination,of Tyrosinase
 
Uptake
 
a- From the poisoned reaction mixtures, 2.5 ml aliquots were placed in
 
separate 12-ml centrifuge tubes.
 
b- To each centrifuge tube was added 2.5 ml of 0.5 M HaSOifContaining
 
375 mg of Hg2S0it in solution.
 
c- The centrifuge tubes were agitated thoroughly to mix the solutions,
 
then placed in a boiling water bath for 10 minutes.
 
d- After the lO-minute incubation period, the tubes were cooled in an ice
 
bath.
 
e- To the cooled solutions v/ere added 2.5 ml aliquots containing 5;0 mg
 
NaN02v
 
f- The solutions were centrifuged and the supernatant fluid from active
 
and denatured preparations placed in cuvettes.
 
g- Absorption by the red-colored derivative v/as measured spectrophoto­
metrically for both preparations using a blank containing 0.25 mg/ml
 
of ascorbic acid in 0.02 M citrate buffer at pH 6.8.
 
colored product was accomplished by use of a Scientific Products Vortex
 
Genie Mixer Model S8223 with the speed control set at 3.5 for 30 seconds.
 
Solutions 	were centrifuged with an International Universal Centrifuge Model
 
UV at 1300 X G for five minutes. Spectrometric analysis of the colored pro
 
duct was 	performed for both the active and denatured enzyme preparations
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using a Beekman Spectrophotometer Model DLI-2 set at a wavelength of 470 nra.
 
Replications for the lO-minute incubation experiment were 14, and 12
 
replications were made for the 30-minute incubation period. The absorption
 
values for active and denatured preparations were compared to detect
 
differential uptake of L-tyrosine. Comparison of mean values of uptake in
 
active and denatured replication for both incubation periods followed the
 
statistical procedures presented by Jacobs (1968). Data on chemical reagents
 
used in the assay for tyrosinase activity are listed in the Appendix.
 
IV. 	Preparation of Crude Polyphenol Oxidase from Vegetative Plants and
 
Oospores.
 
As new information became available (Hoist and Yopp 1976) beyond that
 
provided by Yoshida et a7 (1974), a different approach, presumably more ap
 
propriate to the elucidation of the characteristics of polyphenol oxidase
 
enzymes in the charophytes, was taken. The techniques of Hoist and Yopp
 
(1976), derived from their study of polyphenol oxidase activity \x\ nitella
 
mivdbilisi were applred to isolation of the enzyme from both whole plant
 
material and from oospores of Chara globularis. A summary of isolation pro
 
cedures for the enzyme is listed in Table 5 for whole plant and in Table 6
 
for the oospores.
 
Equipment items used and temperature conditions for this portion of the
 
study were generally the same as those for preparing the enzyme following
 
the methods of Yoshida et aZ (1974). Data on chemical reagents used in
 
preparing the enzyme following Hoist and Yopp (1976) from both vegetative
 
and oospore sources are listed in the Appendix.
 
V. Oxygen Uptake Assay of Polyphenol Oxidase Activity from Whole Plants
 
The crude enzyme preparation from whole plant material (Table 5) was
 
used in this portion of the present study. Six replications were completed
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Table 5: 	Summary of ProGedures for Isolation of Polyphenol Oxidase Enzyme
 
from Whole Plant Material (After Hoist and Yopp 1976).
 
Step 1: Homogenization and Extraction of Free Phenolic Compounds
 
a- Fresh whole plant material, equipment items and solutions.used in
 
the homogenization procedures were chilled to 5°C.
 
b- Approximately 250 grams of plant material was homogenized in 500
 
ml of ethanol/diethyl ether solution (4:1 v/v) for one minute,
 
c- The insoluble residue was allowed to settle and the supernatant
 
fluid poured off.
 
d- An additional portion of extracting solution (250 ml) was added to
 
the residue with homogenization continued for one minute,
 
e- The solution was removed by vacuum filtration and the residue washed
 
with several volumes of the extraction medium,
 
f- The extracted residue was dried in a vacuum dessicator at room
 
temperature. The dried powder (37 grams) was stored in vacua at
 
-15°C until assay procedures were initiated.
 
Step 2: Solubiltzation of Polyphenol Oxidase from the Dried White Powder
 
a- To isolate the enzyme from the pov;der, a weighed portion of the
 
powder (3.0 grams) was suspended in 40 ml of 0.0 M phosphate buffer
 
at pH 6.1.
 
b- The mixture was stirred constantly for 60 minutes at room temperature,
 
c- After vacuum filtration, the liquid was centrifuged at 1300 x G 15
 
minutes for clarification. The clear supernatant fluid contained
 
crude polyphenol oxidase enzyme from whole plant material.
 
from an incubation mixture of the enzyme and catechol as the substrate
 
molecule. Catechol was selected as the substrate due to the report of strong
 
affinity for it by polyphenol oxidase from Nitella mirabilis (tio^st and Yopp
 
1976).
 
The substrate solution was prepared by dissolving catechol (1.0 mg/ml)
 
in 0.1 M phosphate buffer at pH 6.1 which had been freshly aerated. A
 
suitable volume of the enzyme solution was aerated as well just before use
 
in the experiment. Buffered substrate solution (1.0 ml) was placed in the
 
reaction chamber Of a Yellow Springs Instruments Biological Oxygen Monitor
 
Model 53, followed by 2.0 ml of the crude enzyme preparation. The incubation
 
mixture was allowed three minutes to come to room temperature equilibrium at
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Table 6: 	Summary of Procedures for Isolation of Polyphenol Oxidase from
 
Oospores
 
Step 1: Homogenization and Extraction of Free Phenolic Compounds
 
a- Homogenization of mature, dried oospores (6.0 grams was done with a
 
chilled mortar and pestle for one minute at 5°C in 100 ml of ethanol/
 
diethyl ether (4:1 v/v).
 
b- The resulting black slurry was washed several times with additional
 
volumes of chilled extraction medium and the extraction fluid dis
 
carded.
 
c- The black slurry was vacuum filtered, dried in vacua and stored at
 
■ . -T5°C. 
step 2: Solubilization of Polyphenol Oxidase from the Dried Slurry
 
a- Three grams of-'the dried black powder was suspended in 40 ml of 0.1 M
 
phophate buffer at pH 6.1.
 
b- The mixture was stirred constantly at room temperature for 60 minutes
 
then centrifuged at 1300 x G for clarification to gain a clear super
 
natant fluid containing a crude polyphenol oxidase preparation from
 
mature oospores.
 
26°C before timed readings were taken. Readings of percent saturation dissolved
 
oxygen were made at T5-minute intervals for one hour. The standard for com
 
parison was a blank containing 1.0 ml of substrate solution and 2.0 ml of buffer.
 
An Edelstahl Frost Frei Constant Temperature Bath buffered against a continuous
 
flow of cold tap water was used to maintain the contstant temperature. Results
 
are given 	in terms of percent concentration of dissolved oxygen plotted
 
against incubation time for the active enzyme/substrate mixture.
 
VI. Assay of Polyphenol Oxidase Activity by Spectrophotometric Measurement
 
of Rate Jn Fitro Dark Pigment Formation
 
The same enzyme preparation as used in the above experiment was tested
 
for polyphenol oxidase activity from whole plants against a series of dif
 
ferent concentrations of catechol. The enzyme preparation derived from iso
 
lation oospores was tested similarly. The methods used in this portion of the
 
study generally follow those of Hoist and Yopp (1976).
 
 : ,
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For both whole plant and oospore enzyme assays, the standard incubation
 
volume was 5.0 ml in all cases and at all concentrations of catechol. The
 
following stock solutions of catechol dissolved in 0.1 M phosphate buffer
 
were used to prepare the incubation series (0.5, 1.0, 2.0, 3.0, 4.0, 5.0,
 
6.0, 7.0, 10.0 mg/ml).
 
CoTorimetric determination of protein concentrations followed the pro
 
cedures of Lowry ef (1951). A standard protein concentration curve was
 
constructed using bovine serum albumin (BSA) at a graded series of concen
 
trations. Colorimetric determinations were made with the Spectronic "20"
 
set at 660 nm. Levels of protein in the whole plant enzyme preparation and
 
oospore enzyme preparation were measured similarly and the respective con
 
centrations determined by graphical analysis from the standard protein con
 
centration curve.
 
The incubation series for assay of enzyme activity from whole plants
 
contained 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 and 7.0 mg of catechol respectively
 
by addition to the reaction tubes of 1.0 ml of the appropriate stock solution.
 
The addition of 4.0 ml of the enzyme solution to each tube in the series
 
brought the final incubation volume to 5.0 ml.
 
The incubation series for assay of enzyme activity from oospores included
 
1.0, 2.0, 3.0, 4.0, 5.0, 6.0 and 10.0 mg of catechol in the respective tubes.
 
Final incubation volumes of 5.0 ml was gained by the addition of 4.0 ml of
 
enzyme solution derived from oospores to the respective tubes in the series.
 
All incubation mixtures were assayed in triplicate for both whole plant
 
and oospore series.
 
All photometric measurements were made with a Bausch & Lomb Spectronic.
 
"20" Colorimeter set at 430 nm, the absorption maximum for quinones formed
 
from catechol oxidation, while the reaction was in progress at room temperature.
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Photometric readings were taken at lO-minute intervals for one hour for all 
assays with periodic mixing of the incubation solutions by means of a 
Scientific Products Genie Vortex Mixer Model S8223 with the speed control 
set at 3.5. Mixing was done for 30 seconds at the midpoint between time of 
taking the optical readings. Following standard procedures for indicating 
levels of enzyme activity, the results are reported as changes in optical 
density per minute per milligram of protein for both the vegetative and 
oospore assay series. Optical standards for all assays consisted of 5.0-ml 
volumes of respective concentrations.of catechol dissolved in the buffer alone. 
Data on chemical reagents and reagent solutions used in these assays 
are found in the Appendix. 
VII. Comparison of Natural Brown Pigment with that Synthesized Jn Vltvo 
The various incubation mixtures that were used in the assay of poly­
phenol oxidase activity, with catechol as the substrate, contained dark 
brown pigment synthesized in vitro. These fractions were stored at 6°C { 
for two to four days then pooled to provide a source of synthetic pigment. 
The synthetic pigment was treated in the same manner that the natural brown 
pigment had been. The pooled solution was made alkaline by the addition of 
solid KOH to 15% (w/v), then subjected to refluxing for 24 hours. Acid 
ification Of the refluxed solution with 3.0 NHCl to a pH of 5.5 yielded a 
brown precipitate consisting of the hydroTysis products of the synthetic 
pigment. The acid-insoluble pigment was collected by centrifugation for 25 
minutes at 1300 x G at room temperature. The supernatant liquid was dis 
carded and the precipitate dried in vaauo. The dried pellet was crushed and 
ground using a mortar and pestle. A small portion of the synthetic powder 
was taken up in 10.0 ml of 1.0 N KOH for spectral analysis using the Beckman 
Spectrophotometer Model DB-G. The blank was 1.0 N KOH. Natural pigment was 
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similarly treated and spectral data gained from these analyses were then
 
available for comparison.
 
The alkaline hydrolysis products derived from the oosppre pigment were
 
subjected to paper chromatography. A small portion of acid-insoluble pig
 
ment was taken up in 10.0 ml of ether and concentrated by evaporation, the
 
concentrated pigment solution was applied with a 25 ml pipette to a line of
 
origin located 2.5 cm above the lower edge of a 58 x 68 cm paper chromatography
 
sheet (Whatman #1; medium flow). The chromatograph was similarly spotted at
 
even distances along the line with p-hydroxybenzoic acid, salicylic acid,
 
gallic acid, catechol, ehlorogenic acid, cinnamic acid and tyrosine to serve
 
as reference compounds for the suspected components of the: hydrolysis products.
 
The chromatogram was developed using the,upper layer of butanol-acetic acid-

water (4:1:5) as the solvent. Development of three replicate chromatograms
 
was conducted in a Precision Scientific Chromatography Chamber Model 67321
 
at room temperature. Development time was approximately 21 hours. After
 
developing the chromatograms, they were dried in a Precision Scientifie
 
Chromatography Drying Oven using forced air at room temperature. The dried
 
chromatograms were inspected under a Raytech Ultraviolet Lamp Model IS-88 to
 
detect fluorescence typical of phenolic compounds.
 
For detection of phenolic^acids, the procedures, outlined by Ribereau-

Gayon (1972) were followed^. Two of the chromatograms were sprayed with a
 
solution consisting of 0.5% p-nitroaniline in 2.0 N HCl, 5% sodium nitrite
 
and 20% sodium acetate (8:1:32). For spraying, an American Optical Company
 
Chromatosprayer was used to assure uniform distribution of the diazotized
 
p-nitroaniline solution on the paper.
 
The third chromatogram was used to elute phenolic substances from areas
 
on it corresponding to those detected by diazotized p-nitroaniTine for the
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hydrolysis products of the pigment on the other two chromatograms. The spots
 
excised from the third chromatogram were eluted with ethanol and the resulting
 
solution analyzed with the Beckman Scanning §pectrophotometer Model DB-6
 
using ethanol as the blank. Spectral curves of ethanolic solutions of various
 
analytic grade phenolic substances (phenol, phloroglucinol, catechol, benzoic
 
acid, p-hydroxybenzoic acid, protocatechuic acid, galUc acid, gentistic acid;
 
cinnamic acid, p-coumaric acid, caffeic acid, chlorogenic acid, vanillaTdehyde,
 
dihydroxyphenylalanine) were determined in a similar manner.
 
Because of limited availability of the hydrolysis products derived from
 
the synthetic pigment, fraction was hot subject to paper chromatographic
 
analysis but was consumed in alkaline fusion following the same procedures used
 
for fusion of the natural pigment hydrolysis products. The resulting fusion
 
products from the synthetic pigment were then compared with the fusion products
 
from the natural pigment through comparative thin layer chromatography, various
 
physical and chemical tests more or less specific for the suspected fusion
 
products, and spectral analysis.
 
In order to determine the number of possible alkaline fusion products in
 
the simple phenolic and phenolic acid fractions from both pigment sources,
 
and to further isolate these products, each fraction was subjected to thin
 
layer chromatography. Procedures generally followed those of Egger (1969).
 
The thin layer matrix was silica gel without a fluorescence indicator on an
 
Eastman Ghromatogram Sheet 6061. Crystals from each fusion product fraction
 
were taken up in fresh ether and the solutions evaporated to a small volume.
 
Repeated applications of 5.0 ul aliquots from each solution provided maximum
 
load of material with the spot diameter kept small at the line of origin on
 
the chromatograms.
 
The simple phenol fraction derived from the natural pigment was spotted
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on three replicate chromatograms. Similar volumes of catechol solution (10
 
mg/ml) and phloroglucinol (10 mg/ml) were placed on the Tine of origin for
 
comparison purposes on the three replicates. Spots were separated by distances
 
of 4.0 cm. An Eastman Ghromatogram Developing Apparatus was used to develop
 
the chromatograms. Developing solvent was toluene: chloroform: acetone
 
(40:25:35). Development time was approximately one hour at room temperature.
 
Another triplicate set of chromatograms was prepared in the same manner.
 
Spots at the line of origin included material simple phenolic and phenolic
 
acid fractions derived from the natural pigment. Comparison solutions at
 
10 mg/ml included salicylic acid, cinnamic acid and protocatechuic acid.
 
Spots were placed 3.0 cm apart on the line of origin and the chromatograms
 
developed as before.
 
Comparison of fusion products from natural and synthetic pigments re
 
quired the use of a third triplicate set of thin layer chromatograms. Spots
 
consisted of material from simple phenol and phenolic acid fractions derived
 
from natural and synthetic pigments respectively, and were placed a distance
 
of 4.0 cm apart on the line of origin/ Development procedures were the same
 
as for the previous two triplicate sets.
 
All thin layer chromatograms were dried at room temperature and inspected
 
under ultrayiolet light for fluorescence characteristics. Two chromatograms
 
from each set were sprayed with diazotized p-nitroan.iline.
 
Spectral data were developed for simple phenolic and phenolic acid
 
fractions from each pigment source and for materiarisolated from the third
 
chromatogram of each of the three sets. For each analysis, a small amount of
 
the crystalline material from the respective fractions and spots was taken
 
up in small sraount of freshly distilled ether, recrystallized from the ether
 
by evaporation, then taken up in- 3.0-ml aliquots of ethanol. Spectral scans
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were made from 200-340 nm with ethanol as the blank. The Beckman Scanning
 
Spectrophotometer Model DB-G was used for the analyses. V
 
Data on chemical reagents and reagent solutions are included in the
 
Appendix.
 
RESULTS
 
I. Isolation and Partial Characterization of Natural Brown Pigment
 
Demineralization of the calcine wall layer of mature oospores resulted
 
in increased viscosity of the EDTA solution with increasing length of
 
treatment. While no attempt was made to determine the amount of calcium
 
salts dissolved in the demineralizing solution, wet weight measurements
 
were made of each lot of oospores processed before and after decalcification.
 
The calcium carbonate deposited in the oospore wall, as determined in this
 
manner, accounted for approximately 15^ of total oospore fresh weight.
 
Because the oospore cytoplasm consists largely of very numerous starch
 
granules, hydrolysis and dissolution of the entire Cytoplasmic content of
 
the oospores was considered complete when the IKI test for the presence of
 
Starch became negative./ Before treating the crushed oospores by hot acid
 
sOnification, the IKI test was undeniably positive. Removal of the cyto
 
plasmic components, using this approach, required several repeated treat
 
ments with the hot acid sonification technique before Starch hydrolysis was
 
Gomplete. interestingly, microscopic inspection revealed that amyloplast
 
membranes tended to remain intact beyond the point of total hydrolysis of the
 
starch contained within them. Cytoplasmic components removed by this method
 
accounted for approximately 70% of total fresh oospore weight as determined
 
by weighing the oospore wall residue after the treatment was completed.
 
The insoluble wall residue contributed approximately 15% total oospore
 
fresh weight as calculated by subtracting the weights of calcium carbonate
 
and of the cytoplasm from the original fresh weight. Removal of the wall
 
lipid by chloroform extraction reduced the weight of the remaining insoluble
 
wa:ll fraction by one-half. Thus, pectin, hemicellulose, cellulose and
 
brown pigment constituents of the oospore wall collectively comprise appro­
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ximately 7.5% of total oospore fresh weight.
 
Determination of the contributions to total oospore fresh weight by
 
the sequentially removed pectins and hemicelluloses was not done due to
 
practical limitations in weighing the;rather small amounts of inspluble
 
wall material remaining without risking loss of some of it. Extraction of
 
the wall residue with boiling water to remove the pectins yielded a slightly
 
viscous solution. The boiling water extraction was repeated several times
 
to secure a solution without a visually detectable change to viscosity, the
 
assumption being that all of the wall pectins had been removed at that point.
 
Treatment of the remaining wall residue with 2% KOH at room temperature
 
yielded a solution which upon evaporation produced a gel precipitate from
 
the extracted wall hemicelluloses. In this step slight leaching of the brown
 
pigment into the solution was observed.
 
When the remaining insoluble residue (consisting of cellulose and the
 
brown pigment) was subjected to alkaline hydrolysis by^refluxing it in 15%
 
KOH, solubilization of the brown pigment occurred readily. However, some
 
pigment still reraained bound to the cellulose residue after 24 hours of re­
fluxing. Nevertheless, the reflux solution was very heavily colored by the
 
dissolved pigment.
 
Brown precipitate produced upon acidification of the reflux solution
 
was weighed and is estimated to account for approximately 1% of total
 
oospore fresh weight. This value excludes the small amount Of pigment bound
 
to the cellulose residue and that not precipitating from the hydrolysis
 
solution after acidification. By pooling the brown precipitate from several
 
runs, total hydrolyzed pigment for further analysis was 329 mg.
 
When a small portion of the isolated brown pigment was placed in 3.0
 
ml of 1.0 N KOH, in preparation for spectral analysis, it dissolved readily.
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The spectral data from the mixture of alkaline hydrolysis products derived
 
from the natural pigment were used to construct a spectral absorption curve
 
which is shown below in Figure 1.
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Figure 1: 	Spectral Absorption Curve for Alkaline Hydrolysis Products
 
Derived from the Natural Brown Pigment.
 
II. Alkaline Fusion of the Acid-Insoluble Natural Pigment Residue
 
A1kaline fusion of the acid-insoluble pigment resulted in the release
 
of an organic compound which produced whitish, acicular crystals upon eva
 
poration of the ether extract of the fusion reaction mixture. When proce
 
dures were applied to separate the expected simple phenols from the phenolic
 
acids, both fractions appeared to contain the same type of crystalline
 
material upon evaporation. Yield of the crystalline product was extremely
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low in either fraction. Results Of further analyses of the fusion products
 
from the natural pigment are presented later when compared with analyses
 
of the fusion products similarly gained from the synthetic pigment.
 
III. Pol.yphenol Oxidase
 
Procedures following the methods of Yoshidaet al (1974) yielded a
 
crude enzyme preparation (see Table 3) which was clear of particulate
 
matter, but which retained a green color due to the presence of chloro
 
phyll. Results of incubation studies using this crude enzyme preparation
 
Table 7: 	Determination- of Tyrosinase Activity from Whole PTants of\Chara
 
globulavis hy Spectrometric Assay of Tyrosine Uptake During 10­
and 3G-Minute Incubation Periods (Fol1owing the procedures of
 
Yoshida et aZ 1974 and Arnow 1937).
 
Incubation Time: 10 Minutes Incubation Time: 30 Minutes
 
Denatured Active Denatured Active 
Enzyme (%T*) Enzyme {%!*) Enzyme (%T*) Enzyme (%T*) 
0.498 0.494 0.644 0.618 
0.475 0.495 0.680 0.430 
0.495 0.498 0.608 0.640 
0.540 0.568 0.794 • 0.821 
0.540 0.620 0.835 0.821 
0.563 0.569 0.801 0.816 
0.528 ,0.525 0.825 0.804 
0.585 0.594 0.828 0.805 
0.531 0.524 0.860 . 0.708 
0.483 0.601 0.820 0.706 , 
0.479 0.620 0.826 0.811 
0.599 0.616 0.791 0.796 
0.578 0.595 
0.529 0.570 
n=14 n=14 : n=12 n=12 
f= 0.5300 X= 0.5634 1= 0.7631 X= 0.7313 
s.d.= 0.0406 s.d.= 0.0476 s.d.= 0.0941 s.d.== 0.1188
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both active and denatured fractions, with tyrosin-e as the substrate are
 
reported in Table 7. The data on uptake of tyrosine during TO-minute
 
incubation periods show a slightly greater mean uptake in the active enzyme
 
preparation than in the denatured reaction mixture. However, in the 30­
minute experiment the reverse occurred. In neither case were the dif
 
ferences in mean values for tyrosine uptake in denatured and active pre
 
parations significantly different, indicating that tyrosine does not serve
 
as a substrate for possible production of the brown phenolic pigment through
 
tyrosinase activity in Chara glohidavis.
 
In contrast to the crude enzyme prepared after Yoshida et al (1974),
 
the approach taken following Hoist and Yopp (1976) yielded a crude enzyme
 
solution which was clear and colorless from both the whole plant and ma
 
ture oospore sources (see Table 5 and Table 6).
 
The results of oxygen uptake studies for crude poTyphenol oxidase from
 
whole C. globutarvs plants are shown in Figure 2. The data indicates that
 
the enzyme from whole plants promotes the continued uptake of molecular
 
oxygen for extended periods of time with no inhibition of its activity for
 
up to 60 minutes. While data points for individual incubation times are
 
quite widely spread, the overall pattern shows a trend indicating the uptake
 
of molecular oxygen by polyphenol oxidase. However, the level of activity
 
is quite low. Prior to spectrometric assay of polyphenol oxidase activity
 
in whole plants and in oospores, protein determinations were made for the
 
crude enzyme preparation from each source. Total protein in the whole plant
 
assay series was 487 mg in each incubation tube. For the oospore assay series,
 
total protein was 186 mg in each incubation tube.
 
The results of spectrophometric assay of polyphenol oxidase from whole
 
plants and from oospores are recorded in Table 8. The data indicate a higher
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The production of dark pigment was observed in the assay tubes. As in
 
cubation progressed, the pigment precipitated as an insoluble residue
 
at the slightly acidic pH of 6.1.
 
Table 8: 	Spectrometric Assay of Polyphenol Oxidase Activity at 430 nm
 
with Catechol as Substrate
 
Substrate Whole Plant Dospore
 
Concentration Preparation Preparation
 
(mg/ml) (a 0.0./min/mg-protein) (a 0.D./min/mg-protein)
 
0.5 0.0001	 ..— '■ 
1.0 0.0002'	 0.0117 :
 
2.0	 0.0005 , 0.0352
 
3.0 0.0006	 0.0611
 
4.0 0.0008	 0.0839
 
5.0 0.0009	 0.1086
 
6.0	 0.1333
 
7.0	 0.0009
 
10.0	 0.15/4
 
IV. Comparison of Synthetic Pigment with Natural Pigment
 
Spectral analysis of the alkaline hydrolysis products from both pigment
 
sources are reported in Figure 3. Both preparations show maximum absorption
 
at 226 nm, with corresponding shoulders at 234 nm. The absorption spectra
 
are very similar indicating that the alkaline hydrolysis products of the
 
two pigments are similar. Since these spectra were developed in 1.0 N KQH
 
as the solvent rather than the solvents more normally used for spectral
 
determination, it is not possible to directly identify the potential sub- ­
stance(s) involved.
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rate of activity in the oospore preparation, more than a hundred-fold over
 
the rate of activity for the whole plant preparation. Thus, it is shown
 
that polyphenol oxidase activity is concentrated in the oospores which are
 
the site of dark pigfnent formation.
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Figure 2: 	Oxygen Uptake by Polyphenol Oxidase from Whole Plants Using
 
Catechol as Substrate. Atmospheric Pressure = 727.65 mmHg.
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Figure 3: 	Spectral Absorption Curves of Hydrolysis Products of Synthetic
 
and Natural Pigments (1.0 N KOH as Solvent)
 
Paper chrpmatography of the alkaline hydrolysis products of the
 
natural pigment revealed only one spot that exhibited fluorescence under
 
ultraviolet light and a positive reaction with diazotized p-nitroaniline
 
as is characteristic of phenolic compounds. The fluorescence of the spot,
 
under ultraviolet 1ight was orange-yellow. The solvent system used to .
 
develop the chromatograms did not separate the phenolic, controls or the sub
 
stance from the natural pigment well as evidenced by relative front (R.P.)
 
data. Ttie 	R.F. values for the control substances are cinnamic acid: 34.7;
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salicylic acid: 34.9; catechol: 35.1; p-hydroxybenzoic acid: 36.4. The R.F.
 
value for the unknown phenolic substance was 35.4. The spots for all sub
 
stances were rather poorly delimited. The R.F. values are probably some
 
what inaccurate due to this and their closely similar apparent R.F. values.
 
In a further attempt to characterize the single phenolic substance
 
detected in the alkaline hydrolysis mixture from the natural pigment, the
 
spot was eluted from the paper chromatograms into ethanol and compared
 
spectrometrically with a number of available analytical grade phenolic com
 
pounds. The spectral absorption curve that was developed compared favorably
 
only with the spectral curve derived from cinnamic acid. The curves are
 
compared in Figure 4.
 
The alkaline fusion process was a very vigorous treatment for an
 
organic compound and apparently resulted in destruction of most of the
 
material derived from the alkaline hydrolysis step. However, enough material
 
remained from both sources to subject it to thin layer chromatography (TLC)
 
for further analysis.
 
TLC of the alkaline fusion products from both natural and synthetic
 
pigment sources shov/ed only one phenolic compound, which was common to all
 
fractions subjected to TLC. On all thin layer chromatograms the substances
 
exhibited a blue fluorescence under ultraviolet light and showed a positive
 
reaction to diazotized p-nitroaniline. In all cases the phenolic sub
 
stance moved with the solvent front during chromatogram development. The
 
only control substance on the chromatogram showing similar fluorescence and
 
R.F. characteristics was catechol. Substances from the various fractions
 
treated with TLC were eluted from the spots and subjected to spectral analysis
 
and compared with the spectral properties of catechol. All spectral curves
 
are very similar and are shown in Figure 5.
 
36 
0)
 
O
 
, c
 
rT3
 
JD
 
o
 
i/i
 
<c
 
0)
 
>
 
<u
 
ai
 
Cinnamic Acid
 
Isolated Phenolie
 
Substance
 
Increasing Wavelength (
 
Figure 4: Comparison of Spectral Properties of the Phenolic Substance
 
from Alkaline Hydrolysis of Natural Pigment and from Cinnamic
 
Acid (Ethanol as Solvent)
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DISCUSSION
 
Results of this study indicate that the polymeric dark pigment
 
associated with the bospore wall of Cham glohularis is composed of oxi
 
dation products of catechol. Thus, the pigment may be classified as a
 
catechol-melanin following the terminology of Nicolaus (1968) which he
 
derived during a study of a broad array of plant sources including fungal
 
spores, moss spores and seed coats in vascular seed plants. The data gained
 
provide a contrast to the findings of both Dyck (1970) and of Brooks and
 
Shaw (Brooks and Shaw 1968a, 1968b, 1970; Shaw 1971) in their series of
 
reports. Apparently neither dihydroxyindole as proposed by Dyck (1970) nor
 
carotenoid pigments as advanced by Brooks and Shaw may be involved in oxi­
dative polymerization to form the oospore wall pigment in c. g-TofcuZarts.
 
The ability of the crude enzyme from c. glolularis to catalyze the
 
synthesis of a brown pigment derived from catechol, and the following pro
 
bable identification of catechol as the sole phenolic fusion product of the
 
enzyme-synthesized pigment, collectively provide an indication that the
 
natural pigment is indeed a catechol-melanin. The coupling of these findings
 
with results that show catechol to be similarly derived from the.natural
 
pigment by alkaline fusion further strengthens the supposition.
 
Nevertheless, the brown pigment isolated from oospore walls of C.
 
glohularis in this study exhibits general properties quite similar to those
 
reported by Dyck (1970) for the pigment isolated from the three species he
 
studied. The estimated percent contribution to oospore fresh weight in C.
 
glohularis is quite comparable to that found by Dyck for C. hornemanii\
 
although the other two species he studied contained considerably higher re
 
lative amounts of the brown pigment in the oospore wall. The alkaline
 
hydrolysis mixture derived from C. g-Zo&uZarfs oospore pigment exhibited the
 
■ '3-9' ^ 
the same characteristies as Dyck's prbducts, such as ready sol ubility of the
 
hydrolyzed pigment in alkaline solution and its precipitatioh in. acid con
 
ditions. These are characteristics expected of phenolic acids. Also the
 
spectral data from the hydrolysis mixture in this study result in the same
 
generally featureless type of curve showing decreasing absorption with in
 
creasing wavelength of light (Figure 1) as is characteristic of Dyck's pre
 
parations. The spectral absorption curves for all hydrolysis products from
 
all four species are very nearly identical from 250 nm to 700 nm. While
 
solubility behavior and absorption spectra of pigment hydrolysis prpducts from
 
the four species are strikingly similar, the significance of this rather close
 
match in the data may be less than expected.
 
Such characteristics, as described above, apparently apply to any type
 
of polymerized phenolic cpmpound regardless of the basic phenolic sub-unit
 
of which the substance is Constructed. As Woof and Pierce (1967) point out,
 
such featureless absorption curves are indicative of a mixture of polyphenolic
 
residues Pf differing sizes and composition, as well as Pf individual phenolic
 
acids possibly present in the solution. In an earlier report (Dyck and
 
Parker 1967), the conclusion was drawn that the oospore pigment in C. oon­
traria possessed a structure intermediate between lignin and melanin, based
 
largely upon comparison with spectral data gained by Nicolaus (1962) for hy
 
drolysis products of squid melanin. Squid melanin is an animal pigment con
 
structed largely of dihydroxyindole units, with the final pigment compound
 
containing approximately S% nitrogen (Nicolaus 1962), whereas lignin, a hard
 
ening agent in cell walls of many vascular plants, contains no nitrogen
 
(Singleton 1972). Even though Dyck's original conclusion (Dyck and Parker
 
1967) was based only upon the spectral absorption properties of hydrolysis
 
products of oospore pigment being very similar to those gained by Nicolaus
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(1962) for squid melanin, a comparison of two rather featureless absorption
 
curves, he later (Dyck 1970) supported this conclusion by analytic deter
 
mination of 4.5% nitrogen in the oospore pigment structure and suggested
 
that the sub-unit of which the pigment is constructed is dihydroxyindole.
 
Because the nitrogen content of the oospore pigment was less than that found
 
in animal melanins, Dyck (1970) designated the oospore pigment from the three
 
species he studied as being melanin-like. He did not definitively establish
 
dihydroxyindole as the substrate molecule for the pigment, nor did he conduct
 
alkaline fusion procedures on his hydrolysis products. The major thrust of
 
his study was related to ultrastructural morphology of the oospore wall.
 
Nicolaus (1968), in his extensive study of plant catechol-melanins, also
 
determined that nitrogen was associated with the brown pigment in hydrolysis
 
mixtures, and through a series of further analyses found that the nitrogen was
 
a part of the pigment molecule itself but instead was derived from protein
 
associated with the pigment molecule. He further determined that the alkaline
 
fusion products of the pigments were consistent with those derived from pig
 
ments produced by auto-oxidation of catechol.
 
Possibly had Dyck (1970) continued his investigations along the same
 
lines as Nicolaus (1968) he may have drawn a different conclusion relative
 
to dihydroxyindole serving as the basic sub-unit in construction of oospore
 
pigment in the three species studied. To suggest that the wall pigment of
 
Dyck's three species may be catechol-melanin in nature and comparable/to the
 
pigment inc/zam g-ZoipuZaris is quite speculative. Nevertheless, the possi
 
bility of the pigment from all four species actually being constructed of
 
catechol sub-units remains a valid question. The suggestion being made here .
 
is that oospore wall pigment in the four C/zaw species may be constructed from
 
the same precursor substance, catechol, or a close catechol derivative. This
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certainly gains some support from comparative analysis of the pglyphenol
 
oxidase enzyme from C. glohulavis and from Nitella mivgbilis (Hoist and Yopp
 
1976) another charophyte plant.
 
Conversely, the evidence available from the literature suggests that
 
substrates for the dark polymeric phenolic pigment may be different in dif
 
ferent charophyte species. Brooks and Shaw (1968a) found that alkaline fusion
 
products of the brown pigment from oospore walls of 0. covcdtina induced
 
p-hydroxybenzoic acid, salicylic acid, vanilTic acid and protocatechuic acid.
 
These are produts to be expected from alkaline fusion of brown plant pigments
 
constructed from chlorogenic acid sub-units (Robinson 1963, Ribereau-^Gayon
 
1972, Singleton 1972). However, through use of radioactive isotope technique.
 
Brooks and Shaw (1968a, 1968b, 1970) have provided evidence that the pigment
 
in the oospore wall of C. oovallina derived from oxidative polymerization
 
of B-carotene and thus is not phenolic at all. The results of alkaline fusion
 
of the pigment show various phenolic acids to be derived from degradation of
 
such polymerized B-carotene products \x\ C. covdllina. Despite the fact that
 
such a trasition from a oxidized B-carotene product to phenolic acids through
 
alkaline fusion is chemically difficult to envision and to accept (J.D. Crum,
 
personal communication), Harborne (1970) applies the term "breakthrough" as
 
he accepts the concept that Bcarotene serves as the precursor to these in
 
tractable organic dirk pigments, the sporopollenins. While basic information
 
on the sporopollenins (dark pigments) apparently has significance to the oil
 
industry in the search for oil-bearing Precambrian rocks in which these pig
 
ments form the major prganic compound. Brooks and Shaw (1968b) also content
 
that the constant presenGe of sporopollenins in the rocks throughout the
 
Precambrian, as well as in the walls of fossil and extant spores, provides
 
strong evidence that the origin of life on Earth was the result of panspermia;
 
in this case a constant rain of spores from the galaxy providing initial
 
forms from which all other organisms evolved. Yet, it is Shaw (1971) who
 
takes partial exception to work completed in his own laboratory to suggest
 
the possibility that B-carotene may not be the direct precursor to the
 
brown pigment, but rather may be better considered to have an indirect role.
 
He suggested that the labeled B-carotene may be first degraded to smaller
 
carbon fragments which are then utilized in the biosynthesis of other
 
precursors which in turn are oxidatively polymerized to form the brown pig
 
ment. Gooday et al (1974) reported that even though tritium-labeled B-carotene
 
is efficiently incorporated by polymerization into the spore wall of Bewra­
spom orassa to form the dark spore wall pigment, carotenoid-less mutants
 
produce normal sporopolleniri in spore walls in the absence of B-carotene. In
 
these mutants, the authors (6ooday et a7 1974) suggest that the precursor to
 
the normal pigment may be some type of colorless carotenoid analogue.
 
While various types of precursors have been implicated in the formation
 
of the dark pigment, in no case has unequivocable evidence been shown. The
 
present study of the dark-pigment from the oospore wall of C. globulavis
 
indicates an additional possible precursor which is catechol. However, here
 
too, more v/ohk is needed.
 
Acceptance of the oospore wall pigment of B. g'lo&utarfs as being a cate
 
chol-melanin is complicated by the fact that only a single phenolic derivative
 
(catechol) was detected after fusion, while Nicolaus (1968) routinely found
 
not only catechol as a fusion product of his catechol-melanin but also de
 
tected protecatechuic and salicylic acids in low amounts. Significantly,
 
Nicolaus and Piatelli (1965) isolated free catechol from intact black spores
 
ot Ustildgo maydis XcQVw smt) indicating the potential for a direct role
 
of catechol in the formation of such pigments in that organism. Unfortunately
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these authors (Nicolaus 1968, Nicolaus and Piatelli 1965) did not investigate
 
the oospore wall pigment of the charophytes, nor was the determination of
 
the presence of free catechol in oospores of C. globulavis attempted in
 
the present study.
 
Nevertheless, the partially isolated polyphenol oxidase enzyme from C.
 
globularis has been shown to produce from catechol, in vitvo], a synthetic
 
pigment with the same properties as determined for the natural wall pigment.
 
This study has shown that polyphenol oxidase activity is concentrated in
 
oospores ofC. g-ZoZjuZorfs, the site of deposition of the black pigment in
 
the oospore walls. The results of the enzyme study forc. globularis
 
those of Hoist and Yopp (1976) for J/ZZeZZa m-ZraHZis quite closely, pro
 
viding a preliminary view of possible common enzymatically-controlled activity
 
in dark pigment formation in two closely related genera.
 
Collectively, the evidence available fits into the concept of a catechol­
melanin as comprising the dark oospore wall pigment in Chava globulccris.
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 APPENDIX
 
I. 	Chemical Reagents Used in Pigment Isolation Procedure
 
■1. 	 EDTA (Ethylenediamine tetraacetic acid Dihydrochloride) 
Sigma, Lot #1208-0740 
2. 	 HCl (Hydrochloric acid), reagent grade, Braun Chem. Co. 
3. 	 Chloroform, spectroquality, Matheson, Coleman & Bell, Lot; 
12F05B 
4. 	 KOH (Potassium Hydroxide), analytical reagent, J.T. Baker 
Chemical Co. Lot #31186 
II. 	Chemical Reagents Used in the Alkaline Fusion Procedure 
1. 	 KOH (Potassium Hydroxide), analytical reagent, J.T. Baker 
Chemical Co. Lot#31186 
2. NaOH (Sodium Hydroxide), analytical reagent, Matheson, Coleman & 
' Bell SX815, CB762 
3. 	 Na2S2035H20 (Sodium Thiosulfate), reagent grade, Matheson, 
Coleman & Bell SX815, CB762 
4. / Diethyl Ether, Anhydrous, analytical reagent, Mallinckrodt 
Chemical Works 
5. 	 NaHCOs (Sodium Bocarbonate), analytical reagent, Mallinckrodt 
Chemical Works 
6. 	 HCl (Hydrochlpric acid), reagent grade, Braun Chemical 
HI. 	 Chemical Reagents Used in Preparing and Conducting the Tyrosinase
Assay Following Yoshida q7 (1974). 
A. 	 Reagents 
1. 	 NaOH (Sodium Hydroxide), analytical reagent, Mallinckrodt, Inc. 
Lot WCLK 
2. 	 Citric Acid, analytical reagent, J.T. Baker Chemical Co. 
Lot #34260 
3. 	 L(+)-Ascorbic Acid, analytical reagent, Matheson, Coleman & Bell 
Lot 11E27 
4. Trichloroacetic Acid, analytical reagent, J.T. Baker Chemical 
; Co. Lot #34279 
5. 	 L(-)-Tyrosine, analytical reagent, Matheson, Coleman & Bell 
TX1650, 1993, Lot #10E31 
6. 	 HgSOtt (Mercuric sulfate), analytical reagent, Mallinckrodt, Inc. 
Lot #1430 
7. 	 H2S0i+ (Sulfuric acid), analytical grade. Allied Chemical Reagent 
Code SX-1244, Code 108-5790 
8. 	 NaN02 (Sodium Nitrite), analytical grade, Mallinckrodt, Inc. 
Lot #7824 
IV. 	 Chemical Reagents Used in Isolation and Assay of Polyphenol Oxidase 
Enzyme Following Hoist and Yopp (1976). 
A. Isolation Procedures 
1. 	 Ethanol (practical grade), Matheson, Coleman & Bell 
2. 	 Diethyl ether (practical grade), Matheson, Coleman & Bell 
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B. 	Assay Pr'ocedures
 
1. 	Catechol, resublimed; Matheson, Coleman & Bell
 
R2878 CX560
 
2. 	KHaPOtt (Potassium acid phosphate), analytical grade; Matheson,
 
Coleman & Bell CB744 SX720.
 
C. 	Protein Determinations
 
1. 	Bovine serum albumin (BSA); Sigma Lot #373-0930^
 
2. 	CuSOit (Copper sulfate), reagent grade; Matheson',
 
Coleman & Bell CB349 CX2185
 
3. 	Phenol reagent; Fischer Scientific Co. Lot #80-P-24,
 
4. 	Potassium acid tartrate (2% solution prepared by R.E.
 
Goodman 1968).
 
Chemical Reagents Used in the Comparison of Synthetic and Natural
 
Pigment
 
1. 	KOH (Potassium Hydroxide), analytical reagent, J.T. Baker
 
Chemical Co. Lot #31186
 
2. 	HCl (Hydrochloric acid),, reagent grade, Braun Chem. Co.
 
3. 	Diethyl Ether, Anhydrous, analytical reagent,
 
Mallinckrodt Chemical Works.
 
4. 	n-Butanol
 
5. 	Acetic Acid, reagent grade. Allied Chemical Corp. Code AX-73,
 
Code 118-0190
 
6. 	p-Hydroxybenzoic Acid, reagent grade, Sigma Lot #760-0326
 
7. 	Salicylic Acid, reagent grade, Matheson, Coleman & Bell '
 
CB664 SX60
 
8. 	Gallic Acid, reagent grade. Nutritional Biochem. Corp
 
Lot #8851
 
9. 	Chlorogenic Acid, Sigma Lot #850-0213
 
10. 	Cinnamic Acid
 
11. 	Tyrosine, analytical grade, Matheson, Coleman & Bell
 
Lot #10E31
 
12. 	p-Nitroaniline, analytical grade, Aldrich Chemical Co. Lot #N985
 
13. 	NaNOa (Sodium nitrite), analytical grade, Mallinckrodt
 
Lot #7824
 
14. 	Sodium Acetate, analytical grade, J.T. Baker Chemical Co.
 
Lot #34422
 
15. 	Ethanol
 
16. 	Phenol, analytical grade, J.T. Baker Chemical Co. Lot #33471
 
17. 	Phloroglucinol, analytical grade, Matheson, Coleman & Bell
 
2489, PX970
 
18. 	Catechol, resublimed, Matheson, Coleman & Bell R2878 CX560
 
19. 	Benzoic Acid
 
20. 	Protocatechuic Acid, Sigma No P-5630
 
21. 	Vanillic Acid, Sigma, No V-2250, Lot #150-0239
 
22. 	p-Coumaric Acid, Sigma No C-9008, Lot #950-03701
 
23. 	Caffeic Acid, Sigma No C-0625, Lot #126000612
 
24. 	Gentisic Acid, Sigma No 6-5254, Lot #140-3140 ,
 
25. 	Dihydroxyphenyl alanine (DOPA), practical grade; Matheson,
 
Coleman & Bell F8810 DX1477
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26. 	Toluene, analytical grade:, Matheson, Coleman & Bell
 
Lot #402505
 
27. 	Chloroform, spectroquality, Matheson, Coleman & Bell
 
Lot #12F 05B
 
28. 	Aceton, chromatoquality, Matheson, Coleman & Bell
 
